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. ° SUMMARY .

. [ ]
A stnj; of the F-layer of the fonosphere made with an HF backscatter

tadar using @ nnrtn'-be;n eatenna has revealed a large numbe{ of irregu-
. larities in the sigze range from 50 km to 500 km in north-south extent.

It has been possible to divide these irregularities into five types which
. haye been mamed spot, line, split, step, and range variable. On the basis
. ' of 80 one-hour records; the probability of the occurrence of each type
| has Heén.esrimated (spat: 60 per cent; splits 90 per cent; others: less
. . than 20 per cent of the time). North-south motion of the irregularities
has been observed, .but it occurs less than 10 per cent of the time and
'alwgys.wifh movement f:um.nortb to south. When observed, the average
ve;oci!y of movement is of the order of 1000 km/hr, On occasion, growth

and fade of, the irregularities has been noticed, with the time from start

of.growth to time of fade-out being of the order of 10 to 15 minutes,

- iii -
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i. INTROIUCTION »

; ’ . Since November of 1960 a atudy of amsll-scale Fliavef ifregalarities

has been in progress at Site $14 of the Stanford Radioscience Laberdtory.

. The work has had the (ollniiﬁg-fout_specific aims: K ..

1. It was desired to determirie if small perturbations (arcas of"
high or low ion demsity) in the F-region moved with~hime.. 1L )
so, their velocities and directions, slong with their. aize, -~ .
were to be recorded. T . o

°

Splits in range of the first hop ietnri'bpd been noticed previ- oo
ously, and it waa desired to look mare closely at this behayior, " .

L -

3. For the small areas mentioned in hH above that did not move,
duration. was to be studied. . . : .

4. Finally, all of the above were to be lﬁmﬁed:together in copsidef9~

ation, and their correlation with magnetie activity Qetérminéd:
- A study of this nature was made possible througb'thé isb of an
antenna array with a very marrow horizantal beanWid;hJ“ The antenna is
an array of eighk.parallel rhombic antennas rcs;ltiﬁg'in an aperture of
1600 ‘feet. The beam (2° ;ide between half;powet p#intl aé'IS Mc)'{s.
capable of being slewed automatically in one-degree .tépa,‘frqﬁ 0829 to .
097 in azimuth.l This slewing 1s.accomplished by means of réiays; so
that the antenna can be used simultaneously for transmitting and pe-
celving.

Other studies similar in nature to this one.bave been conducted

using the backscatter technique, 2 but these experiments have been

. lFor further details on this antenna see: G. Barry,* 0. G. ViflarJ, J¥., ®Charactep-
istics of small-scale F-layer irregularitjies deduced from backscattec'soundings made
with a steerable narrow-beam antenna’, Stanfonijhdioscience Labﬁfatory, Technical

. Report No. 22, January 3, 1961, Contract Nonr 225(33), NR 087 099.

. 2See, for instance, J. F. Valverde, ‘Motions of large-scale traveling disturbances
. determined from high-frequency backscatter and vertical incidence records’, Stanford
Radio Propagation Laboratory, Scientific Report No. 1, May 21, 1958, Contract
AF19(604)-1830; and L. H. Tveten, ‘Ionospheric motions observed with Righ frequency
. backscatter sounders’, Journal of Research of the Nationa! Bureau of Standards - D.
Radio Propagation, Vol. 65D, No. 2, March - April 1961.




* ® H

primarily concerued with draad tadee beaml and Jarge- sca!e moving d1sc
turbances. ‘This fepott it is belxeved is unique in.its use of & marrow

slewable beam .to study :mall-ncnle perturbatxona both moV1ng and station-

lry. . ." _
Ia Tveten’a report3 several matkematxcal cad phyaaca! models of
ronospherlc 3eome:r1eu are JeVelnped some of -hach w!ll be 1neorporated

‘in this report.

-

3. H. Tveten, Op. Cit.

3



I1. PROCEDURE

The equipment used coneictcd of the aforementioned entenna, a
Granger Associates' 100 kw peak povcr pulee trcnsmxcter, and a Hammarlund
‘ SP-600- recexver used in conguntnou vxch c@loguritbuxc detcctor. The dctc N
,;reccrdnng method vas ncgnetxc tepe via cu Ampex FR 100 tcpc recorder.
N W:th the entennc beau benug automatically sleted through 16°. the

.transmxtter v;e pulsed ct 10 pps v1th a pulse vxdth ‘of 0.4 -e. Thc re-f”:

E ::ccnver (ueed xn a duplgxer urrangenenc vxth the treneuntter ‘to per-xc e

'uenng the array for both trcnsnxtcxng cnd recexvxng) ras set with a 3-kc.'ir
'bendundth The frequency of 18, 3 ﬂc ves chosen in ordcr to" elllxnute '

'eny varnablee due to frequency Tbe recenver IF tcs ‘run through c

K hlogarnthmnc detector whoee outpuc was- recorded on tepe Tbe tepe vus

l"" dnsplayed on an 1ntensxty NOJUlIted oscxlloecope und fxlned on -:;:'

-:,.35mm flll Eech .tape’ vus fnlmed vnth chree dnffcrent gexn cettnngc vxth“l "

'Z'correspondxng range cettnnge (é.g., oiie: galn settnng correeponded to

. looking Juat et “the upper portxon of the flret hop end ves fxlned v:th

rcnge cettnng oi'zooo - 5000 km' depend;ug on hov !hr out’ the fxret hop e
B L S

. . The tnme of day ut vhlch theie teste were ‘Fun’ vurlcd fron 0800 to-
.'1600 locel tnne unth the meJorxty of tests tekxng place beforc 1200
Usually the tests’ tere 120 minutes’ long, elthough severel ‘were only 40

or 80 minutes in length.- Ae yet no teets have becn run after dusk The
goal was 40 to 120 minutea of tape per dey. but other cxperx-ente in-
volving the use of the same equipment cauaed this gocl to be unattainable.

As a result, the xnflux of data has been steady at times,. but aporadic

in the long run.



I11. RESUME OF TERMS

At this time it is convenient to deacrihe the types of irregular-

ities noticed. The irregularities have been divided into five specific

types aa follows:

I.

A
.. 7 a4 given hop within. the range limita of that particular hop.

. For ‘inatance," Fig.. 4 showa: Feturna at aeveral diacrete ranges * -
‘which"all together make up the.first hop. . . o

Spot - Thia is sn irug.ul'nit.y'in‘ the .rangc-uip.u'th haclt'u::a“lz'gcr"
diaplay which ia well-defined in hoth range and azimuth. ‘Jt'.
uatally consiata of an intenaified region in the echo pattern = ..

" which corresponds to an area in the io’noaphg;e from 2° to 5° P
- in width-and from 100 km to 500 km in’ depth . An’ example of. the. =

apot irregularity can be.seén .in Fig. 1. .

Line - This is the same-aa thé spot except that it is very-thin' . - -
in slant range. (sbout.$0 km) so that it sppears_as a ling inatead:. . -
" of hieing diffuse. like the apot.. .See Fig. 2. " .- Lo T T
Step ~-'."l:'l|ia"t.ype'o!‘ irregularity appears aa a’ fgi'rly.sha'r].: R
“discontinuity-in range of a return which ia otherwiae conatant .. . U

jq range. '.',Sec ,l"ip. B

.§pli't‘ : Noticeable dx viaion. in l_-an.ge of b'a.clueat.t..fer'r.etur;u'.fo,g

- jﬁq:;ge' V;iriablq.'--'baekacatter l;eturli' variable in range as a
... fonction of azimuth. (Di ffera from the atep in that it ia

continuously  variable over several degreea inatead of being
d@acontipu:ms from ‘one sector to the next.) See-Fig. §..

s
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v. TEXT

.

Barty recording was vis » facgimile record wtu eh, of necesszty, gave
outpat ia owly one foru Mbro f!exsbzlxty in, datas processxng was needed,
»0 a cbnngo was nxdc to magnetxc tapé data recordxng To obtaim a large )
. dyunlnc tcngo . logari;hm:c detector with 'a 60-db range was uled.

Each record has been examxnxd for behavior tying in with the five
.anlelc aiws -eut:oned in the Introduction. 1In the case of moving dis-

tntbalce-, it is sometinmes hard to determine whether there is really

_ wmovegent 6f the spot or Just s rapid fade. Those disturbances that do
sees (o b;ve definite movement, however, have been tabulated. In the

case of fluctnatlng disturbances, it is very much éasier to arrive at a
tabulation,. as the growth and fade is very notlceable on the records.

When more than one F-layer hop is present, the patterns become highly
.vatiable, and due to the complexity of the ray path geometry for more than
one hop, no attempt will be made to explain this behavior on the basis of °
a physical model.

Probably the easiest phase of this study was the determination of the
degree of correlation between magnetic activity and backscatter activity.
The results of the study, however, must be considered in the light of the
“source of information. Ay magnetic indices (24-hour averages) were ob-
tained from Fort Belvoir in Maryland, and the quegtion as to how accurately
they represent magnetic behavior.at the point of F-layer reflection must
be kept in mind when reviewing the results obtained.

In order to use these indices, each backscatter record was arbi-
trarily graded as to its activity. Grades ranged from zero (indicating
no activity---uniform returns) to five (indicating highly non-uniform
behavior---many perturbations). The Ay index corresponding to a patticular
day was compared with the records for that day, and a plet was made of
record activity versus magnetic index. Figure § shows a plot of the
activity of all the recqards taken on tape versus the Ay indices. (Facsinile
recotds are not included since during this portion of the experiment the

radio frequency was allowed to ‘vary, introducing a further complexity. )

*» - lo-
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FIG. 6. Ay INDICES FROM FORT BELVOIR VS RECORD ACTIVITY BASED ON ARBITRARY
SCALE. .

Split range behavior has been noticed since the beginning, and a good
portion of this report will now be spent in presenting a pb-nible physical
model to explain this behavior. ‘Split range perturbation® is the name
given to the splitting of backscatter returns into many discrete range
intervals, so that each hop (depending on its size) is made ﬁp of several
of these returns (Fig. 4).

That the splita were actually due to ionospheric charscteristics
(rather than equipment) was determined by varying the charscteristics of
the equipment used (both for receiving and for recording the backscatter),
with the finding that the relative spacing of the splits was unchanged.

Probably the most convincing of the testa conducted, -consisted of both

-1 -



L

balring and doubling the time seale of the equlpmem.“ resylting in %o

noticeable change in.the spacing of the splits. Had the equipment béen

the d;ause of this behavior, the spacing should have changed very noticeably.
. In his report Tveten® pres.ents' the basis of the nodel used here. It

consists of a simple curvature in the ionospheric reflecting layer which

"causes focusing of the transmitted rays, but what is more important is

" that it results in the combination of many ray paths into constant time

delay paths which would then show up on the amplitude display as a peak
at that delay time. This curved section of the ionosphere would cor-
respond to a segment of an ellipse whose foci are the transmitter and the
ground reflection point (Fig. 7). However, as Tveten mentions, it is not
necessary that the reflecting section be exactly elliptical; any concave
downward curvature would provide some constant, or nearly constant, delay
path bunching.

This report is concerned with spacings on the records of about 100 km;
in the icnosphere this would correspond to distances of the order of 50 km
between peaks of ripples. The postulation then is that curves of constant
ion density in the ionosphere are rippled in a wave-like manner, and that

these waves vary in accordance with winds or tides in the ionosphere.6

*

4Doubling and halving the time scale consisted of the following (taken with each of two
different detectors):

Ten minutes of data were recorded with the time scale set by a transmitted pulse
width of 400 usec and a receiver bandwidth of 8000 cps. ’

Next, ten more minutes of data were recorded with a doubled time scale; i.e., a
pulse width of 1000 usec and a receiver- bandwidth of 3000 cps. (This is slightly

" more than doubled, but the receiver had fixed BW positions of 3, 8, and 13 kc.)

The last ten minutes of data were recorded with a halved time scale (pulse width:
250 usec; bandwidth: 13,000 cps).

These six sets were compared with each other, and there was no noticeable change
in the spacing of the splits. It was concluded that the effect was ionosphere induced.

5L, n. Tveten, Op. Cit.

6A1s0 postulated by Pierce, See: J. A. Pierce, ‘The reception of radio echoes from
distant ionospheric irregularities’, Physical Revue, Volume 57, No. 2, PP. 95-105
January, 1940.
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FIG. 7. FOCUSING WODEL.

Due to the.restrictions placed on the data, no attempt will be made to
say anything about the winds or tides except where they cause noticeable
movements in larger-scale perturbations (the spots).

Using the models in Figs. 8 and 9 an attempt will now be made to
find the approximate depth (between the deepest and shallowest points of
the ripple) that would be necessary to pr;vide the constant delay paths
observed. For purposes of calculation, the virtual height of the re-
flection point will be assumed to be 300 km, and the ground range to the
point of reflection is taken as 700 km, which is average for one-hop
returns in this experiment. Since y originally is taken as the height
to the deepest part of the ripple,ZXz2 is taken as 12.5 km to correspond
approximately to movement from the deep point to the midpoint of the
assumed variation of ion density (Fig. 9). The following calculations

then determine the change in y from the given changes in z29.

- 13 -
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The basic equations are

1/2 1/2
x] +xg = C C.(y2+212)/ +(},2”22)/

x12 = y2+zl2 Cis a constant and is equal
to the length of the constant

2 delay path.

X2

v +.33

[}

z) 2D - z9
Solving these for y in terms of z9 gives:

y2 = (€2 - 4p2)%/4c2 + 2(1 - 4D2/c?)Dzy + (4D2/C2 - 1)2,2

Taking the derivative of y with respect to z9 leaves

2y d_dx = 2(1-4D%/C2)D + 2(4D2/C2 - 1)z,
12 . .

or for small Ay
2y Ay = (2D - 2z, - 8D3/C2 +"8D212/C2) A 2'2
Since z9g = D+A z9,
éyéy = (-2829 + §D2Az2/C2)A12
or
By = [(bzg)2/y](4D2/C2 - 1)

This is the desired result, since Ay can now be calculated:

1/2
Dzg = 12.5 knm h = R- (82 -02)"
y = 300 km+h D’ = 700 km
D = R sin(D’'/R) R = 6367 km .

Since D'/R << 1, sin(D'/R) "Q" D'/R giving
DX RD'/R) = D' = 700 km

- 16 - '
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then

1/2 *

h=R-(R2-D2)"/° X 40 km

y = 340 km.

Since C is constant it can be calculated for the case wherein

3

X] = x9 and 2] = z9 = D. Thus

1/2 .
C= 2x = 2(y2+D2) /2 » 1560 km.

Finally

o~

oyl =.0012.5)2/340) [(1400/1560)2 - 1] X 90 m.

Using Ay = 100 m, we see that the total variation in height from
the lowest to the highest points of the ripple need only be 200 meters.
Variations as small as this are very reasonable to expect since much
larger variations have been tabulated via ionograms.

So far the considerations have been entirely with straight ray paths;
1f actual ray paths (which are curved due to the constantly changing
dielectric constant) are considered, the situation becomes complex.7
Figure 10 shows a sketch of the rippled F-layer where the rippled lines
are lines of constant ion density. The figure shows two ray paths
(typical of those calculated on the basis of a Chapman layer)8 superimposed
upon the rippled ionosphere. (Remember that this figure is only a crude.

sketch and does not repreSent any particular ion density gradient.)

7It is conceivable that a digital computer program could be written to handle the
analysis on a more or less rigorous basis. :

8A. M. Peterson, 0. G. Villard, Jr., (Title SECRET), Stanford Radioscience Laboratory,
Technical Report No. 20, Novembet 20, 1960, Contract Nonr 225(33), NR 087 090. SECRET

- 17 -
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It can Be seen from these #ay paths that as the ray reaches its curved
peak, it spends considerably more time within a section of assumed con-
stant ion density than 3t does in the corresponding sections on the way
up or down. The postulation then is that the effect on a particular ray
due to the ripples is small on the way up, but is greatly enhanced at
the peak---enough so that the necessary focusing effect is induced.

That the effect.on the ray path due to the ripples below the peak-
is small, appears reasonable if it is remembered that the ripples are
extremely small (o f the order of a sinusoid 200 meters peak. to peak with
a periqd of 50 kllometers) Thus lines of constant ion den51ty appear
nearly unr1ppled unt1l the ray 1s bent ‘to a path nearly parallel to the
ripples.9 When this happens even the .very slight variations. postulated
.have the large effect calculated prev1ously )

This completes the postulatlon of a phy51cally acceptable lonosphere

which would produce the splitting effect -noticed on the records It, must

be kept in mind, however that the latter part of this dlscusslon has been

far from rigorous, but it was felt necessary in order to make the model as
complete as possible. "It is only‘a suggestlon,-but rt.is felt to be .a
Justifiable one. ‘

On the basis of this ionospheric model, the line 1rregular1ty can be
explained as ray path focusing by a single r1pple wherfe the surroundlng
ripples have been disturbed so that the1r focu'sing effect has been élim-
1nated This would have the effect on the record of giving a s1ngle nar-
row return separated from other returns by more ‘than a hundred kllometers,

but this, by definition, is a line irregularity.

9The 200-meter figure was obtained with D = 700 km. As the ray becomes nearly parallel
with the center line of the ripples, the effect is the same as a large increase in D,
and thus C, which (from fhe equations) is seen to decrease Ay even more,

* - 19 -
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V. RESULTS

In forty-six of the sixgy records revieged,10 therte are spot irreg-,
ularities (in the first,11 or second hop) which are either constant with
time, or move, or.fade. In the fourteen records which did not have this
irregularity, twelve had no irregularities (except splits) at all. The
spot sizes vary from 15 km to 300 km in width. Of the spots notiéed,
about 80 percent of them faded in and out with time. The duration does
not seem to be a linear function of size although the very large spots
(of the order of 8° in width) do last longer than the smaller ones. With
the smaller ones the duration lies between 4 minutes and 15 minutes,
although in rare instances a spot one degree wide will appear and disap-
pear in the space of one minute. The line spot acts like an ordinary
spot except that it is.much rarer, appearing in only-about fifteen records.
The rarity of the line irregularity is understandable in view of the ex-
planation of this irregularity given in the text.

To be classified as a moving irregularity, a perturbation had to
satisfy the criterion that it move at least its total width in azimuth.
On this basis only nine of the sixty records contained moving irregu-
lari;ie§,12 and’ four of these nine contained eight of the fourteen moving
frregulafities noticed. The velocities varied from 500 km/hr to 1500 km/hr
'with the average close to 1000 km/hr. Size had no apparent effect on
velocity (see. Table I). ‘All of the movements noticed were movements from

north to south---none in the opposite direction.

.
.

1oAverage length ;f the records is two hours each.

11There have probably been more spots in the first hop than our method of recording
has indicated. .

121t is necessary to re-emphasize at this point that this report has been written to
deal only with.small-scale irregularities. Thus, detection of movement was usually
possible only in the cases vf movement in azimuth. No attempt has been made to de-
fine movement with Fespect to range since such movement would have had to be con-
taihed.in one hop, and this behavior was never noticed. )



TABLE 1. TABULATION OF MOVING YRREGULARS T1ES

N-S width of Range to Extent of Approximate N§-§
irregularity ionosphere N=S wmovement wselocity
(km) (km} {km) {km/:heE)
160 1200 320 1100
210 4200 500 1500
130 7600 130 ' 1000
100 5800 100 700
80 1100 80 500
150 4400 150 1100
250 3800 430 1200
100 2200 . 250 600
100 2200 170 700
100 2200 100 700
100 2200 550 1500
150 3000 500 1000
150 3000 200 1200
270 5400 1000 2000

The step discontinuity appears to be quite rare, as it was noticed
in only four records, but twice in each of two of the records. It has
never lasted longer than 10 minutes, and it has always beeé closely followed
by the range-variable irregularity. In four of the six times it has been
noticed, the step has moved in range just prior to the change to the range-
variable behavior. The range-variable irregularity is not so rare, appear-
ing in twelve records in varying degree but always with the southern end
being the end closer in range. The length of time this behavior appears
to last is between 10 minutes and 30 minutes.

Of the five irregularities classified in this report, the split was
the most commonly noticed. It appears in fifty-three of the sixty records;
and in every record where it appears (except one), it is a continuous
behavior lasting the entire length of the record. In the one exception
the record changed from a record of apparent turbulence to one of the
normal split range behavior. In the seven records which contained no split ®
range irregularities, the individual hops appeared very turbulent in make-
up (Fig. 11). The splits appear in all hops, which would have been ex-

pected on the basis of the model.



From Fig. 6 it can be seen ghat there is ue mppagent ecorgelation
between the record activity end the A} index from Fort Belvoir. This
suggests that long-term (24 hour average) magneti¢ disturbances have o
apparent effect on the irregularity behavior of the ionosphere, but it
does not eliminate the possibility that relatively rapid changes in mag-

netic activity do have an effect.

- 22



LKO 0061 1lnody :3AWIL
1961 HOUVW L1 :dlvdad
TALIYVIAOIYMI dONVY LI'1dS ON HLIM QHO0D3dd 40 IATdWvX3

HLNNIZY VNN3LNY
] =

3
e T

} AR AR

11

‘014



LARGE SCALE SPLITS & RANGE VARIABLE
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FIG. 12. EXAMPLES OF TYPICAL RECORDS.
DATES: SECOND PICTURE - 10 MAY 1961
OTHERS - 13 MAY 1961

TIMES: ALL ABOUT 2300 GMT
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FIG. 13. MORE EXAMPLES OF TYPICAL RECORDS.
DATES: VARIOUS
TIMES: BETWEEN 1700 AND 1900 GMT
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¥l. CONCLUSIONS

The records seem to gndicate that each small-scale irregularity of
the F-layer can be classified as one of four different types. The types,
as listed earlier, are the spot, step, split, and range variable (the
Yine irregularity has beea included within the scope of the spot).

The split is most common, and the chances of seeing this behavior
to the east at any time interval during daylight (at point of reflection)
are probably better than 90-per cent.13 - The spot is less common, but
during any hour interval of daylight chances of seeing it are probably
better than 60 per cent. The range variable irregularity is relatively
rare, ;ppearing probably less than 20 per cent of .the time. At .present
the sStep discontinuity is a rare occurrence, and no attempt can be made

to say how often this might occur.

All of the irregulérities (except the split) seem equally likely to'

move, but very few of ;hem (fewer than 10 per cent) do. When they do‘
move, however, they appear to move in a southerly directionl4 with an
average velocity of about 1000 km/hr. The irregularities are more likely
(about 50 per cent of the time) to fluctuate in intensity--~groQing and
fading, on the average, in 10 minutes.

As indicdted earlier there is no apparent correlation between record
activity and magnetic activity unless it is on an instantaneous basis.
It is possible, however, that the Ay indices obtained from Fort Belvoir
are not sufficiently indicative of magnetic activity at the points of
ionospheric reflection. If further work is attempted on this study, the
magnegic activity should be looked into more closely. Other improvements
of this study might include Doppler shift information, around the clock "

data, and more informatién on behavior in directions other than east.

13ppig report has been limited to a radio frequency of 15 Mc., but small samplings
have seemed to indicate that the behaviors mentioned are typical in the frequency
range 15 Mc to 30 Mc.

14As opposed to movement toward the north. No attempt has been made to define east-
west motion.
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